1. Introduction {#s0005}
===============

Spider phobia is one of the most common anxiety disorders. [@bb0065] reported a point prevalence of 5.6% in females. According to DSM-IV-TR criteria ([@bb0010]) the disorder is characterized by persistent fear during the anticipated or actual presence of spiders. Consequently, patients avoid the phobic situation or else endure it with feelings of intense distress. Moreover they realize that their fear is excessive or unreasonable.

Numerous brain imaging studies have been conducted on the neural correlates of spider phobia (e.g. [@bb0005; @bb0060; @bb0095; @bb0205; @bb0260; @bb0265; @bb0275]). These studies found enhanced phobia-related activity in the visual association cortex, in emotion-relevant areas (e.g. anterior cingulate cortex, insula), in memory- related regions (e.g. (para) hippocampus) and in supplementary motor areas (SMA). The functional magnetic resonance imaging technique used in the aforementioned studies provides excellent spatial resolution, but suffers from relatively low temporal resolution. Consequently, EEG (electroencephalogram) with a high temporal resolution might be helpful to complement existing findings on spider-phobic response patterns. There are several event-related potential (ERP) studies which identified enlarged P300 and LPP (late positive potential) amplitudes for phobia-relevant relative to affectively neutral stimuli ([@bb0135; @bb0155; @bb0160; @bb0190; @bb0270]). Enhanced amplitudes of late ERPs are however not phobia-specific, but can be regarded as general indicators of emotional significance and attention allocation (for a review see [@bb0200]).

Traditional ERP analyses do not provide information about underlying sources of electrocortical activity. To solve this problem, source localization methods can be applied to EEG data. In the past, a number of studies identified temporal lobe structures as generator of the P300 component using dipole source analysis ([@bb0090; @bb0240; @bb0285]). Most of these results are based on the auditory P300 using magnetoencephalography. However, other studies applying combined intracerebral and scalp recordings provided evidence that P300 activity originates from multiple cerebral sources located in the frontal lobe, the pallidum, the thalamus, temporo--parietal and medio-temporal regions ([@bb0025; @bb0110; @bb0130; @bb0180; @bb0220; @bb0295]). [@bb0165] used sLORETA to localize age-related visual search declines: sources within the P300 time frame were detected in frontal and occipito-temporal areas, which are engaged in visual search processes. In another study, [@bb0185] investigated the ERP sources of voluntary control during visuo-spatial attention. They predominantly localized P300 sources (450--500 ms) in frontal and parietal regions involved in attentional control and pre-target biasing.

Similarly, for the LPP a widespread network of generators has been identified in the occipital and parietal cortex ([@bb0115; @bb0245]).

To our knowledge there is no published source localization study on symptom provocation in spider phobics. Therefore, the specific aim of the present analysis was to examine sources of disorder-related enhancements of late ERP amplitudes in spider phobics relative to nonphobic controls. We expected increased localized current density in the clinical group during the viewing of pictures depicting spiders. According to previously conducted brain imaging studies ([@bb0005; @bb0060; @bb0095; @bb0205; @bb0260; @bb0265; @bb0275]), such regions of interest were chosen that are associated with visual processing (occipito-parietal cortex), attention (parietal cortex), motor preparation (SMA) and emotional processing (insula and cingulate cortex).

2. Results {#s0010}
==========

2.1. Self-report data {#s0015}
---------------------

Questionnaire data were compared separately between the phobic and the control group. Analyses revealed a significant group effect (phobic patients (PH), non-phobic control group (CG)) for the SPQ (Spider Phobia Questionnaire, [@bb0125]) (F (1, 43) = 2290.9, p \< .001; see [Table 1](#t0005){ref-type="table"}) and the State-Trait Anxiety Inventory (STAI, [@bb0150]) (F (1, 43) = 6,4 p = .015). Spider-phobic participants displayed higher symptom severity (SPQ) and were more anxious (STAI mean score: PH = 37.2 ± 9.8; CG = 31.2 ± 4.9). Depression symptoms (BDI, Beck Depression Inventory , [@bb0085]) as well as overall disgust sensitivity (QADS; Questionnaire for the Assessment of Disgust Sensitivity, [@bb0250]) did not differ between the groups.

Affective ratings (experienced valence, arousal, fear and disgust; see [Table 1](#t0005){ref-type="table"}) were submitted separately to two-way ANOVAs with the factors group (PH, CG) and category (Spider, Disgust, Fear, Neutral). To clarify significant interactions, further analyses were conducted by means of between group one-way ANOVAs.

### 2.1.1. Valence {#s0020}

The ANOVA revealed significant main effects for group (F (1, 43) = 11.3, p = .002) and category (F (3, 129) = 103.6, p\<.001) as well as a significant group × category interaction (F (3, 129) = 55.3, p \< .001). Between-group analyses of individual categories revealed an effect for Spider pictures only (F (1, 43) = 238.1, p \< .001). The patients gave lower valence ratings for Spider pictures than the controls.

### 2.1.2. Arousal {#s0025}

We observed a significant main effect for group (F (1, 43) = 8.8, p = .005) and category (F (3, 129) = 58.8, p \< .001) as well as a significant group × category interaction (F (3, 129) = 40.3, p \< .001). Between-group analyses of individual categories showed that the patients exclusively gave higher arousal ratings for Spider pictures (F (1, 43) = 87.8 p \< .001).

### 2.1.3. Fear {#s0030}

We found a significant main effect for group (F (1, 43) = 356.7, p \< .001) and for category (F (3,129) = 45.6, p \< .001) as well as a significant group × category interaction (F (3,129) = 54.5, p \< .001). Between-group analyses of individual categories were significant for Spider pictures only (F (1, 43) = 138.5, p \< .001). The PH group gave higher fear ratings.

### 2.1.4. Disgust {#s0035}

The two-way ANOVA revealed significant main effects for group (F (1, 43) = 667.5, p \< .001) and for category (F (3,129) = 126.4, p \< .001) as well as a significant group × category interaction (F (3,129) = 25.6, p \< .001). Phobics gave higher disgust ratings for Spider pictures than controls (F (1, 43) = 48.5, p \< .001).

Taken together, spider phobics showed high symptom severity (as indicated by the SPQ) and rated Spider pictures as more negative, arousing, fear- and disgust-inducing than controls. Additionally, the affective ratings for Disgust, Fear and Neutral pictures did not differ between phobic and control participants.

2.2. ERP data {#s0040}
-------------

The activation difference between phobics and controls in response to Spider--Neutral pictures was maximal at electrode Pz for the P300 (340--500 ms) and the LPP (550--770 ms). In order to test effects of symptom provocation, mean amplitudes of the P300 and LPP at Pz were submitted separately to two-way ANOVAs with factor group (PH, CG) and category (Spider, Disgust, Fear, Neutral). Greenhouse--Geisser correction was applied if appropriate.

### 2.2.1. P300 (340--500 ms) {#s0045}

The two-way ANOVA revealed a significant main effect for group (F (1, 43) = 30.1, p = .043) and for category (F (3, 129) = 53.0, p \< .001) as well as a significant group × category interaction (F (3, 129) = 8.7, p \< .001). Between-group analyses for separate categories showed a significant main effect for Spider pictures only (F (1, 43) = 10.9, p = .002) indicating that phobic participants showed significantly bigger amplitudes in response to Spider pictures than controls (see [Fig. 1](#f0005){ref-type="fig"}).

### 2.2.2. LPP (550--770 ms) {#s0050}

The two-way ANOVA showed significant main effects for group (F (1, 43) = 54.4, p = .011) and category (F (2.2, 94.8) = 55.9, p \< .001) as well as a significant group × category interaction (F (2.2, 94.8) = 21.6, p \< .001). Between-group analyses for separate categories showed a significant main effect for Spider pictures only (F (1, 43) = 29.4, p \< .001) with enhanced amplitudes in the patients (see [Fig. 1](#f0005){ref-type="fig"}).

Taken together, phobic patients were characterized by larger parietal P300 and LPP amplitudes in response to Spider pictures compared to controls.

2.3. sLORETA results {#s0055}
--------------------

Significant differences in estimated current density between phobics and controls were found for the contrast Spider--Neutral only. The group effects for the contrasts Disgust--Neutral and Fear--Neutral were nonsignificant.

### 2.3.1. P300 (340--500 ms) phobics ≥ controls (contrast Spider--Neutral) {#s0060}

Significant higher estimated current density was observed in the phobic group compared to controls in the cingulate cortex, the cuneus, in the precuneus and in the paracentral area ([Fig. 2](#f0010){ref-type="fig"}, for a summary of the results see [Table 2](#t0010){ref-type="table"}).

### 2.3.2. LPP (550--770 ms) phobics≥controls (contrast Spider--Neutral) {#s0065}

Estimated current density was significantly higher in phobics compared to controls in the paracentral region, in the cingulate cortex and in superior and medial frontal regions. Further significant differences were found in the cuneus and precuneus, in the pre- and postcentral gyrus as well as in the insula and in the parahippocampal gyrus ([Fig. 3](#f0015){ref-type="fig"}, for a summary of the results see [Table 2](#t0010){ref-type="table"}).

3. Discussion {#s0070}
=============

This study focused on source localization of late event-related positivity during symptom provocation in spider phobia. We replicated findings by [@bb0155] with regard to ERPs and subjective ratings. Phobics perceived spider pictures as highly arousing, negative, fear- and disgust-inducing. This was accompanied by enhanced parietal P300 and LPP amplitudes. These findings are in line with EEG studies on spider phobia of other research groups ([@bb0140; @bb0190; @bb0195; @bb0270]). Taken together, the results reflect enhanced allocation of attentional resources to disorder-relevant stimuli in spider phobics.

The P300/LPP generators were found in a widespread network of brain regions, which were more activated in spider phobics than in healthy controls during symptom provocation. Consistent with the findings of other research groups (e.g. [@bb0015]) who located the P300 in parieto-occipital areas, we also identified P300 sources in this region (cuneus, precuneus). The cuneus is known to be a key structure for attention and for the detection of salient stimuli ([@bb0045]). Obviously, the patients displayed stronger allocation of attention to phobia-relevant stimuli relative to healthy controls. This increased attention is also mirrored in an extended cingulate cortex involvement including anterior as well as posterior areas ([@bb0040]).

LPP sources were predominantly found in paracentral regions but also in the cingulate cortex, in frontal regions, in the insula and in the parahippocampal gyrus. This source pattern is partly in line with findings of [@bb0245] who detected LPP generators in lateral occipital, inferior temporal and medial parietal regions. The superior frontal cortex plays a role in metacognitive/ executive top-down processes, which refer to the ability to monitor and control information processing necessary to produce voluntary action ([@bb0105]). An enhanced activation of the superior frontal cortex which also contains the supplementary motor area (SMA) has also been shown in fMRI experiments on spider phobia (e.g. [@bb0265]). The SMA plays a role in preparing and organizing voluntary movement ([@bb0050]). Increased activation might reflect patients' urge to flee during the confrontation with the feared object. This link between sensorimotor system and affective/cognitive function is in line with the theory about embodied cognition ([@bb0080]). According to the embodied cognition theory, the neural system is activated during observing an object as-if the observer were interacting with it. [@bb0075] stated: "To observe objects is therefore equivalent to automatically evoking the most suitable motor program required to interact with them. Looking at objects means unconsciously 'simulate' a potential action". Taking this theory and our findings, it seems reasonable to assume that an activation of premotor areas is linked with 'simulated' motor action to flee during confrontation with the feared object.

The finding of enhanced current density in the insular cortex was not surprising as this region belongs to an integrative neural system which is involved in the representation of aversive bodily states and somatic arousal ([@bb0055]).

Greater activation of the anterior and posterior cingulate cortex in phobic patients within the LPP time range can be interpreted as deeper processing of arousing stimuli. The anterior cingulate cortex is part of a circuit involved in a form of attention that serves to regulate emotional processing ([@bb0040]). A similar function has been ascribed to the posterior cingulate cortex ([@bb0290]). Although this region is not part of an emotion system per se it uses information from visual systems in order to evaluate emotional content. Our findings are also in accordance with [@bb0225] who reported that the identification of risky environmental events provoked enlarged centro-parietal LPPs in the posterior cingulate cortex as estimated by the LORETA algorithm.

A further interesting observation concerned the parahippocampal source. Brain imaging studies have shown that the parahippocampal region is involved in panic attacks in individuals suffering from panic disorder ([@bb0230; @bb0235]). Behaviourally, both phobic and panic disorders are characterized by strong avoidance behaviour, which arises from intense fear. Phobic avoidance represents a type of contextual learning comparable to that seen in fear conditioning in animals ([@bb0215]). In humans, the contextual fear memory involves the hippocampal formation ([@bb0020]). Considering the activation of the posterior cingulate cortex which is engaged in episodic memory retrieval ([@bb0045]) and the hippocampus activation, one can argue that involuntary activation of memory contents play a crucial role in the processing of phobia-relevant visual stimuli.

[@bb0155] discussed the enhanced phobia-related P300 and LPP components as indicators of automatic attention focusing. Consistent with this interpretation we believe that the ERP generators found in the present investigation form a network that accentuates early perceptual processing of disorder-relevant stimuli, ascribes emotional meaning to them and prepares voluntary movements to withdraw from the feared objects.

As a limitation of the present study it can be noted that the selection of time windows for the source localization was informed by previous event-related potential studies (e.g. [@bb0155; @bb0200]). However, the predefinition of time windows will become unnecessary, when the temporal dynamics and interconnections between brains areas are modeled explicitly (e.g. Dynamic Causal Model, [@bb0120]). Moreover, we only included women in this study due to the higher prevalence of spider phobia in the female population. Therefore, the results cannot be generalized to men.

Taken together our results give new insights into the processing of phobic stimuli with regard to the localization of involved brain regions as well as to their temporal functioning. Hence, this study partly overcomes temporal resolution problems of fMRI studies ([@bb0255]).

4. Experimental procedures {#s0075}
==========================

4.1. Participants {#s0080}
-----------------

Twenty-five female phobic patients (PH; mean age 28.4 ± 10.7 years) and 20 non-phobic female controls (CG; mean age 24.2 ± 3.8 years) which did not differ in their mean age, participated in this study. The sample had been restricted to females since the prevalence of spider phobia is markedly higher in the female population (sex ratio: 4:1; [@bb0065]). All subjects underwent a diagnostic session which was conducted by a board-certified clinical psychologist to diagnose spider phobia (DSM-IV-TR: 300.29) and to ensure that controls did not suffer from any mental disorder. Phobic patients who suffered from a mental disorder besides spider phobia were excluded from the sample. All participants were recruited via an article in the local newspaper and announcements at the campus. They gave written informed consent after the study had been explained to them. This study was carried out in accordance with the Declaration of Helsinki and has been approved by a local ethic committee.

4.2. Stimuli and experimental paradigm {#s0085}
--------------------------------------

At the beginning of the study, participants underwent a diagnostic interview ([@bb0170]). Subsequently, they filled out the SPQ, the QADS, the trait scale of the STAI, and the BDI.

In a subsequent EEG experiment participants were exposed to 160 pictures depicting four different emotional categories: 'Spider', 'Fear', 'Disgust' and 'Neutral' (40 pictures for each category). Stimuli were collected from the International Affective Picture System (IAPS, [@bb0145]; used IAPS pictures: 1300, 1302, 1302, 1321, 1560, 1930, 1931, 2690, 3500, 3530, 5940_1, 5972, 6211, 6212, 6230, 6250_2, 6312, 6350, 6370, 6510, 6530, 6540, 6940, 9600, 9910, 9921) and a second picture set for disgust-relevant pictures ([@bb0260]). The phobia-related stimuli depicted spiders in different environments. Disgust-relevant pictures represented different domains like 'repulsive animals' or 'poor hygiene'. Fear-related pictures showed predators (e.g., shark, lion) or attacks by humans (e.g., with knives, pistols), whereas neutral pictures consisted of household articles, or geometric figures. The pictures were identical with those used in previous studies ([@bb0260; @bb0270]). Comparable complexity, color and brightness, between the categories, were the main criteria for the selection of the pictures. The pictures were presented in random order for 1500 ms each with an inter-stimulus interval that varied between 1500 and 5500 ms. After picture presentation, participants were asked to rate the affective quality of the picture categories by means of the Self-Assessment-Manikin (SAM; [@bb0030]) for valence and arousal and they were asked to rate the induced disgust and fear on 9 point Likert scales (range 1--9, 9 = very positive, aroused, disgusted, anxious).

4.3. EEG recordings {#s0090}
-------------------

EEG was recorded with a Brain Amp 32 system (Brain Vision, Gilching, Germany) using an Easy-Cap electrode system (EASYCAP GmbH, Herrsching-Breitbrunn, Germany) with 29 electrodes placed at Fp1, Fp2, F3, F4, F7, F8, Fc1, Fc2, Fc5, Fc6, C3, C4, T7, T8, Cp1, Cp2, Cp5, Cp6, P3, P4, P7, P8, O1, O2, Fz, Cz, Pz, including the mastoids Tp9 and Tp10. All electrodes were referenced to FCz. Supplementary, a horizontal electrooculogram (EOG) was recorded from the epicanthus of each eye, and a vertical EOG from the infra-orbital position of the right eye. All impedances of EEG electrodes were kept below 5kOhm. The EEG data was recorded with a sample rate of 200 Hz and filtered on-line with a band-pass of 0.016--70 Hz.

4.4. Data analysis {#s0095}
------------------

EEG data were analysed using Brain Vision Analyzer software (Version 2.0, Brain Vision, Gilching Germany).The EEG was digitally filtered off-line with a 20 Hz/ 24 dB/ octave low-pass filter. To correct for EOG artefacts, independent component analysis (ICA) was computed. ICs contributing to typical EOG artefacts (blinks, saccades) were identified by visual inspection of topography as well as comparison to EOG channels and afterwards deleted. Furthermore, data were re-referenced to linked mastoids (Tp9, TP10) and segmented into epochs of 1500 ms starting 200 ms before stimulus onset. Remaining artefacts (EMG, movements) were identified and removed. Baseline-correction (using the 200 ms before stimulus-onset as reference) was performed for all segments. Average ERPs time locked to Spider, Fear, Disgust and Neutral pictures were computed for each participant separately. The magnitude of the P300 component was then measured as the averaged amplitude between 340 and 500 ms post-stimulus. The same procedure was conducted for the LPP (550--770 ms). To examine the electrode side with maximal difference in amplitude for the contrast "Spider pictures -- Neutral pictures", we computed difference maps using the Brain Vision Analyzer software and MATLAB (R2010a, The MathWorks, Inc., Natick, Massachusetts). Subsequently the maximal difference in the EEG map was visually verified.

4.5. Source localization analysis {#s0100}
---------------------------------

On the basis of the scalp-recorded electric potential distribution, sLORETA was used to compute the cortical three-dimensional distribution of current density for the P300 and LPP time windows between affective Pictures (Spider, Disgust and Fear) and Neutral pictures as well as between both groups (phobics and controls). The sLORETA method finds a particular solution to the non-unique EEG inverse problem by assuming similar activation of neighbouring neuronal sources, followed by an appropriate standardization of the current density, producing images of electric neuronal activity ([@bb0210]).

Computations were made in a realistic head model ([@bb0070]), using the MNI152 template ([@bb0175]) with the three-dimensional solution space restricted to cortical grey matter. The intracerebral volume is partitioned in 6239 voxels at 5 mm spatial resolution. Anatomical labels are reported using an appropriate correction from MNI to Talairach space ([@bb0035]). Hence, sLORETA images represent the electric activity at each voxel in neuroanatomic Talairach space ([@bb0280]) as the squared standardized magnitude of the estimated current density.

The sLORETA software (<http://www.uzh.ch/keyinst/loreta.htm>) was used to perform voxel-by-voxel between-group comparison of the ERPs current density distribution. Specifically, in order to identify possible differences in the brain, the built-in voxelwise randomisation tests (5000 permutations) based on statistical non-parametric mapping (SnPM; for details see [@bb0100]) corrected for multiple comparisons was performed for each picture contrast between the two groups. The results for the contrast Phobic subjects (Spider vs. Neutral pictures) vs. Control subjects (Spider vs. Neutral pictures) correspond to t-statistics maps of log-transformed data for each voxel, with corrected p \< .05. Additionally, for significant peaks in each time window, we extracted the voxel intensity at the source peak as the log-transformed squared standardized magnitude of the estimated current density.

![Grand average waveforms of phobic and control participants for Spider, Neutral, Fear and Disgust pictures at Pz.](gr1){#f0005}

![sLORETA statistical nonparametric maps comparing the current density of patients and controls for the difference Spider pictures--Neutral pictures for each ERP component (P300 and LPP). A summary of all significant regions can be found in [Table 2](#t0010){ref-type="table"}.](gr2){#f0010}

![sLORETA statistical nonparametric maps comparing the current density of patients and controls for the difference Spider pictures--Neutral pictures for each ERP component (P300 and LPP). A summary of all significant regions can be found in [Table 2](#t0010){ref-type="table"}.](gr3){#f0015}

###### 

Behavioral and affective responses (means, M and standard deviations, SD) of phobic (PH) and control group (CG) participants.

  --------------------------------------------
  Group              Phobics\     Controls\
                     M (SD)       M (SD)
  ------------------ ------------ ------------
  SPQ                23.4 (1.3)   2.1 (1.7)

  BDI                5.0 (4.3)    3.0 (2.5)

  STAI               37.2 (9.8)   31.2 (4.9)

  QADS               2.3 (0.6)    2.2 (0.4)

  Spider pictures                 

   Valence           1.4 (0.7)    7.0 (1.6)

   Arousal           7.4 (2.2)    2.2 (1.4)

   Fear              7.4 (2.1)    1.4 (0.8)

   Disgust           6.6 (2.9)    1.8 (1.3)

  Disgust pictures                

   Valence           3.1 (1.5)    2.8 (1.5)

   Arousal           4.5 (1.8)    5.2 (2.1)

   Fear              2.3 (1.3)    2.8 (2.2)

   Disgust           6.9 (1.9)    6.8 (1.7)

  Fear pictures                   

   Valence           5.1 (2.1)    4.2 (1.8)

   Arousal           3.8 (1.8)    4.7 (2.0)

   Fear              3.2 (2.0)    3.5 (2.0)

   Disgust           2.0 (1.6)    1.7 (0.9)

  Neutral pictures                

   Valence           8.1 (0.3)    7.7 (0.3)

   Arousal           1.2 (0.6)    1.2 (0.5)

   Fear              1.0 (0.0)    1.0 (0.0)

   Disgust           1.0 (0.0)    1.0 (0.0)
  --------------------------------------------

###### 

Significant differences between phobic patients and healthy controls for the contrast Spider vs. Neutral pictures.

  -----------------------------------------------------------------------------
  Anatomical regions                        MNI coordinates (x,y,z)   t-value
  ----------------------------------------- ------------------------- ---------
  *(a) P300 time window*\                                             
  Phobic\'s \> Controls (Spider--Neutral)                             

   Posterior cingulate                      (0, −50, 20)              5.00

   Cingulate gyrus                          (0, −45, 25)              4.94

   Precuneus                                (0, −50, 30)              4.83

   Anterior Cingulate                       (− 5, 20, 20)             4.76

   Cuneus                                   (0, −75, 20)              4.38

   Paracentral lobule                       (− 5, −45, 50)            4.16

                                                                      

  *(b) LPP time window*\                                              
  Phobic\'s \> Controls (Spider--Neutral)                             

   Paracentral lobule                       (0, −25, 50)              6.60

   Cingulate gyrus                          (− 5, −20, 45)            6.59

   Posterior cingulate                      (− 5, −65, 10)            6.32

   Medial frontal gyrus                     (0, −25, 55)              6.30

   Superior frontal gyrus                   (5, 10, 55)               6.22

   Middle frontal gyrus                     (− 25, −5, 45)            6.20

   Cuneus                                   (− 5, −65, 5)             6.14

   Precuneus                                (− 5, −65, 20)            5.86

   Precentral gyrus                         (− 35, 5, 40)             5.78

   Anterior cingulate                       (− 5, 10, 25)             5.25

   Postcentral gyrus                        (− 60, 15, 30)            4.94

   Inferior frontal gyrus                   (− 45, 5, 35)             4.88

   Insula                                   (35, −20, 20)             4.87

   Parahippocampal gyrus                    (10, −50, 0)              4.73
  -----------------------------------------------------------------------------

t-values correspond to corrected p \< .05 (MNI = Montreal Neurological Institute; L = left; R = right; ).
